I
t is fair and reasonable to say that inadequate perfusion is the most frequent impediment to healing; it also lowers the resistance to infection that is inherent in tissues. Like any other "organ," to function, a wound needs blood flow. With skill and some difficulty, it is possible to squeeze repair out of some severely ischemic, that is, poorly perfused, tissues. On the other hand, it is even easier to rescue disaster out of the jaws of victory by a careless act or inattention. Ischemia does not just define the state of arterial inflow to a wounded tissue. Despite the convictions of a century or more, we can usually get more blood flow into a wounded tissue than is apparently available. The converse is even more true; we can always arrange to get less! This issue of The International Journal of Lower Extremity Wounds is basically about getting the most one can out of what the patient's blood vessels can yield.
I thought I knew what good perfusion is capable of in respect to healing. But when we started to excise chronic wounds, especially to treat the underlying chronic osteomyelitis, and then to successfully close the wound primarily with a musculocutaneous flap, I learned more. I began, for the first time, to realize that if we can supply enough oxygen and enough perfusion to carry it, we can heal any wound! Unfortunately, the word ischemic is often interpreted absolutely and anatomically in terms of the arteries and veins that are obstructed. It is as if an algorithm exists to this effect: If there are no pulses below the femoral artery, surgery on this foot will inevitably fail. We all know that there are exceptions; and the older I get, the more exceptions I find.
Then, what is ischemia? If a patient presents us with an ice-cold hand shake, we must admit that the hand is currently ischemic; but we are likely to assume that something good will happen to its blood flow before the fingers start to drop off. The sympathetic nervous system will probably release its firm grip on the smaller vessels of the hand, and if the patient needs a tendon repair, we can probably have it done successfully. For present purposes, therefore, I define ischemia as any blood and oxygen supply that is less than the amount that will give me the maximal chance of healing the wound. Therefore, any concept of overcoming ischemia has to include all possible means of increasing the delivery of oxygen. Oxygen is not the only essential ingredient of blood, but it is the most sensitive to decrements in blood flow. Starting at the most optimal possible state, any decrement in perfusion will first be perceived in the local oxygen tissue tension. Oxygen is the most diffusible of the contents of blood and the most rapidly consumed. It might be just as well to measure local flow itself, but we have no instrument that is sufficiently sensitive and reliable, and we are most interested in oxygen, anyway.
Starting at that optimal point, the oxygen supply varies according to position and sympathetic tone, even in ischemic extremities. Can we optimize them? Yes, of course we can-we can put the wound at heart level, support local and systemic temperature (use warming devices), relieve pain, keep the patient comfortable and at ease, support the circulating blood volume, keep volume normal or even a little larger.* The hematocrit should be above about 20 mL/dL but below about 35 or 40 mL/dL. There are ways to fine-tune the results even more, but these markers are the most important. Now, you may say, "Some of these techniques cannot be used for healing the severely ischemic wound." I was taught never to warm an ischemic foot. Warming, I was told, would increase metabolism and, therefore, the need for oxygen. The result would be counterproductive. I know now, having warmed ischemic feet (usually to 37°C or a little more) and having seen them get pink and the transcutaneous PO 2 rise, that warmth may be essential to assure the maximal possible perfusion. I don't know how far one should carry this observation, but it is easy enough to find out. All one needs is a transcutaneous oximeter and a warming device. The "rules" say that the sympathetic nervous system is inactive once rubor appears, but this is not always true. I suggest a simple test. Fill a basin with water at about 40°C. Immerse the foot and watch. It won't always happen, but you will see a number of feet get pink. Pain often lessens or disappears. The lesson is that the role of 1 Giving a liter or two of fluid to the patient changed that. It is fair to conclude from that experience that many of the wounds in their study were poorly perfused; that is, the nutritional flow through tissue between artery and lymph was far from optimal. Think also of vacuum therapy. 2 Think of ameliorating ischemia by increasing wound fluid flow.
the sympathetic nervous system can almost never be safely ignored 3 . You may also ask, "Can healing and resistance to infection really tolerate anemia?" Yes, I specified a low range for hematocrit. It is no oversight. Can anemia increase perfusion without causing hypoxia? Yes it can. Despite the residual disbelievers, anemia down to hematocrit 18 or 20 delivers normal amounts of oxygen to wounds and even greater amounts to some patients who have partial arterial obstruction-which I call "reaping the benefits of lower viscosity." Despite the importance of oxygen in healing, wounds consume relatively little, only about 2 mL/100 mL blood in one passage through the wound during normal perfusion. Beware, however, patients with severe coronary artery disease. They may need the extra oxygen to maintain cardiac output. You would not want to run a mile anemic, but you may be able to heal your wounds faster that way.
Some years ago, we reported that infection risk is proportional to the PO 2 of the wounded tissues. Considerable resistance came (and some remains) from surgeons who measured oxygen in one way or another, found it always low and thus meaningless. They had to learn that to get more meaningful results the leg had to be warm. Similarly, getting the most out of oxygen involves the following factors: no smoking for an hour or two, good hydration, eating and/or drinking before the test, and good pain relief. All of these factors have been isolated in surgical patients in the perioperative period, and all reduce wound infection rates, but all must be optimal at the same time. Each, as well as all of them, can be vasoconstrictive, and that is a crucial message. You must get all of them right and all at the same time! 4 Another useful technique that essentially enhances perfusion has entered the field, the VAC (KCI, San Antonio, Texas, USA). In a clever combination of applying negative pressure, Argenta and Morykwas 5 have developed a technique that keeps pressure on the wound, thus reducing edema while effectively producing a negative pressure distributed about the wound as well. In essence, a positive pressure is applied by a "sponge device," whereas a negative pressure is applied through its interstices. This procedure removes large amounts of wound fluid and at the same time increases PO 2 . The fluid flow brings oxygen and all the other things that tissue fluid circulates in wounds. We now know that negative pressure applied in this manner enhances angiogenesis, something that we had guessed for years but could not prove. The drawback is that it is difficult (but not impossible) to use in wounds that are destined for early closure. Its properties suggest that some ischemic wounds may be best left "open"; that is, covered by the apparatus until angiogenesis has assured adequate perfusion. Although it borrows the old principle of the suction drain, the apparatus improves on it rather dramatically. Although bulky and more or less disabling when in use, it has shown a propensity to accelerate the healing of chronic wounds as well. In time, if not already, we will find that aggressive fluid administration will enhance the VAC effect, in addition to what it already does to the wound. 3 We often forget that venous insufficiency reduces blood flow, but we tend not to use compression in ischemic limbs. We have started using compression on some ischemic wounds in which venous insufficiency is a part of the ischemia, about 20% to 25% of our vascular ulcer patients. We postulate that the perfusion is improved, and our results defend the postulate.
Last, it appears possible to enhance perfusion by increasing angiogenesis even in wounds that remain ischemic after perfusion has been optimized. This challenges our understanding of the nature of vascular disease. Hyperbaric oxygen increases vascularity. 6 No doubt about it! We even know how it works, but that is a different story. The VAC appears to be useful. Will stem cells be useful as well?
From all appearances ischemia is relative and can often be ameliorated medically as well as surgically. You get what you work for. There is usually more blood in that turnip than you think.
